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Figure S1.  Transient effect of Sip1 knockdown on neural crest specification. (A and B) Multiplex NanoString analysis of transcripts from neural tubes dis-
sected from HH9 embryos, comparing the Sip1MO electroporated side to the control side of the same embryo (n = 3). Although FoxD3 is down-regulated 
(below parallel diagonal lines) at HH8, it recovers by HH9, though Sox10 remains reduced. The data shown in A and B are representative of three separate 
experiments with the changes in transcript data pooled. (C and D) Whole-mount in situ hybridization for FoxD3 in embryos electroporated with Sip1MO 
on right side (asterisk) and collected at HH8 shows a reduction in FoxD3 expression (arrow), but is similar to levels on the control side by HH9, with the 
exception of a slight anterior reduction. (E and F) Whole-mount in situ hybridization for N-myc (n = 11/13) and (G and H) Sox2 (n = 12/12) at HH9 shows 
that loss of Sip1 at HH4 has no effect on neural development at this stage. (I) NanoString analysis at HH8 shows that neural tubes dissected from Sip1-mor-
phant embryos have normal expression of most neural genes, but ERNI is up-regulated. The data shown in I are representative of three separate experiments 
with the changes in transcript data pooled. The whole-mount and section data shown here are from a single representative experiment out of at least three 
repeats. Bars: (C–H) 200 µm.
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Figure S2.  Loss of Sip1 at stages up to HH7 inhibits neural crest EMT. (A–C) Whole-mount in situ hybridization to show neural crest cell migration using a 
probe for Sox10 in HH10–HH11 embryos after electroporation with Sip1MO at HH5, HH6, and HH7. In both the (A) HH5 (n = 13/13) and (B) HH6 (n 
= 9/13) injections, cranial neural crest cells have limited migration. Sections from these embryos show clumped cells that are attached to each other and 
the epidermis on the right side compared with the uninjected left side (a–a and b–b). Section panels are whole-mount in situ (a and b), Sip1MO 
marked by FITC (a and b), and the overlay of both (a and b). (C) The phenotype is less penetrant when Sip1 is knocked down at HH7 (n = 9/16), 
as shown in whole-mount and section (c–c). Bars: (A–C) 200 µm; (a–c) 50 µm. Embryos are injected on right side as indicated by asterisk. The whole-
mount and section data shown here are from a single representative experiment out two repeats.
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Figure S3.  Loss of Sip1 does not affect Cad6B protein expression. (A) Whole-mount in situ hybridization using a probe for Cad6B showing that loss of 
Sip1 delays Cad6B gene expression in the vagal region, but does not up-regulate Cad6B transcripts in the cranial region (n = 22/29). (B) Cad6B protein 
expression remains unaffected in embryos electroporated with Sip1MO on the right side (n = 12/14). (C) Overlay with Cad6B protein and FITC-labeled 
Sip1MO. (D and E) Sections of the embryo from B and C. Embryos are injected on right side as indicated by asterisks. Arrowhead depicts normal expres-
sion of Cad6B protein. Bars: (A–C) 200 µm; (D and E) 100 µm. The whole-mount and section data shown here are from a single representative experiment 
out four repeats.
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Video 3.  High magnification  view of  Sip1MO-injected neural  crest  cells. A stage-10 embryo previously electroporated at 
stage 4 with FITC-tagged Sip1MO (green only) is shown here (from Video 1). Shown here is an 2.3× image of an x-y subset 
of Video 1 demonstrating aberrant cell morphology and behavior in the absence of Sip1. Note the limited cell movement, 
increased density of cell projections, and the decreased ability of the Sip1MO-injected cells to retract their processes from their 
neighbors. Embryos (n = 5) were analyzed using time-lapse confocal microscopy using a laser-scanning microscope (LSM 510 
Meta or LSM 710 confocal; Carl Zeiss) with an LD C-Apochromat 40×/1.1 W Corr objective. Time lapses were done with a 
ztotal = 31 µm to leave space for z-drift, and frames were taken every 5 min.
Video 4.  Neural crest migration in ContMO-injected live embryos. A stage-10 embryo previously electroporated at stage 4 
with FITC-tagged ContMO (green only) is shown here. Neural crest migration is visualized over 295 min with a z-depth of 8 
µm and time points collected every 5 min. Embryos (n = 4) were analyzed using time-lapse confocal microscopy using a laser-
scanning microscope (LSM 510 Meta or LSM 710 confocal; Carl Zeiss) with an LD C-Apochromat 40×/1.1 W Corr objective. 
Time lapses were done with a ztotal = 31 µm to leave space for z-drift, and frames were taken every 5 min.
Video 5.  Neural crest migration in ContMO-injected live embryos. A stage-10 embryo previously electroporated at stage 4 
with FITC-tagged ContMO (green) is shown here (from Video 4) with the additional memRFP channel (red). Embryos (n = 4) 
were analyzed using time-lapse confocal microscopy using a laser-scanning microscope (LSM 510 Meta or LSM 710 confocal; 
Carl Zeiss) with an LD C-Apochromat 40×/1.1 W Corr objective. Time lapses were done with a ztotal = 31 µm to leave space 
for z-drift, and frames were taken every 5 min.
Video 6.  High magnification view of ContMO-injected neural crest cells. A stage-10 embryo previously electroporated at stage 
4 with FITC-tagged ContMO (green only) is shown here (from Video 4). Shown here is an 2.3× image of an x-y subset of 
Video 4 demonstrating normal collective migration in ContMO-injected neural crest cells. Note the lateral cell movement and 
the rapid sampling of environment and neighbors by the cellular projections. Embryos (n = 4) were analyzed using time-lapse 
confocal microscopy using a laser-scanning microscope (LSM 510 Meta or LSM 710 confocal; Carl Zeiss) with an LD C-Apo-
chromat 40×/1.1 W Corr objective. Time lapses were done with a ztotal = 31 µm to leave space for z-drift, and frames were 
taken every 5 min.
Video 1.  Neural crest migration is limited in Sip1MO-injected live embryos. A stage-10 embryo previously electroporated at 
stage 4 with FITC-tagged Sip1MO (green only) is shown here. Neural crest migration is visualized over 295 min with a z-depth 
of 8 µm and time points collected every 5 min. Embryos (n = 5) were analyzed using time-lapse confocal microscopy using a 
laser-scanning microscope (LSM 510 Meta or LSM 710 confocal; Carl Zeiss) with an LD C-Apochromat 40×/1.1 W Corr objec-
tive. Time lapses were done with a ztotal = 31 µm to leave space for z-drift, and frames were taken every 5 min.
Video 2.  Neural crest migration is limited in Sip1MO-injected live embryos. A stage-10 embryo previously electroporated at 
stage 4 with FITC-tagged Sip1MO (green) is shown here (from Video 1) with the additional memRFP channel (red). Embryos 
(n = 5) were analyzed using time-lapse confocal microscopy using a laser-scanning microscope (LSM 510 Meta or LSM 710 
confocal; Carl Zeiss) with an LD C-Apochromat 40×/1.1 W Corr objective. Time lapses were done with a ztotal = 31 µm to 
leave space for z-drift, and frames were taken every 5 min.
